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PRESSURE SENSITIVE SENSOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to a pressure sensitive sensor. 

2. Description of Background Information 

[0002] A conventional pressure sensitive sensor, such as the sensor described in 
Japanese Patent Publication (Kokai) Hei No. 10-281906, is shown in Fig. 8. The 
conventional pressure sensitive sensor includes a cavity la that extends along the 
inside of a long narrow elastic insulator 1 in a longitudinal direction, and a plurality 
O of electrode wires 3A to 3D are buried in the thickness of the elastic insulator 1 at 

.an 

u 

jfU intervals along the periphery in a circumferential direction. The plurality of electrode 

— • 

ijl" wires 3 A to 3D are spirally twisted around the cavity la, and one section of a 

Q peripheral surface of each electrode wire 3 A to 3D is exposed in the cavity la. 

: . Further, when the elastic insulator 1 is elastically deformed, as when the cavity la is 

crushed by pressing, the electrode wires 3 A to 3D are brought into conducting contact 

fU 

CH with each other, therefore external pressure can be detected. 

O 

M [0003] A method of producing the pressure sensitive sensor includes preparing a 

twisted wire by twisting a spacer, which is of the same shape as the cavity la, with a 
plurality of electrode wires 3A to 3D, and pulling the spacer out after coating the 
twisted wire with the elastic insulator 1 . 

[0004] However, in the case of the conventional pressure sensitive sensor, 
complicated production steps of twisting the spacer with the electrode wires 3 A to 3D 
and pulling out the spacer afterward are required to form the structure, and there is a 
problem of high cost. 
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central electrode member may be restorable to its shape from tensile and bending 
deformation, and the central electrode member may be provided with a central 
member having a long narrow shape and having at least an outer elastic peripheral 
portion and an electroconductive metal wire wound on the outer periphery of the 
central member in a coil 

[0018] In a further aspect of the present invention, the central electrode member 
may be provided with an electroconductive coating layer including an 
electroconductive resin or an electroconductive rubber provided on the inside of the 
insulative member so that an outer peripheral surface of the central member is covered 
underneath the metal wire. The elastic electroconductive tube may be formed by 
extrusion molding the elastic electroconductive material on an outer peripheral 
surface of the central electrode member and covering the insulative member. Further, 
the central member may be constructed by twisting or bundling a plurality of single 
metal wires, or may include a single metal wire. 

[0019] In another aspect of the present invention, the electroconductive metal wire 
wound on the outer periphery of the central member in a coil may be wound tightly 
around the central member and embedded into the outer periphery of the central 
member. The electroconductive metal wire may be embedded in the outer periphery 
of the central member to substantially half the diameter of the electroconductive metal 
wire. 

[0020] According to a further aspect of the present invention, the first electrode 
member may include a first plate including an elastic electroconductive material, the 
second electrode member may include a second plate including an elastic 
electroconductive material, and the insulative member may be provided between the 
first plate and the second plate. The first and second electrode members may be 
restorable to their shapes from tensile and bending deformation. 



P21540.S02 ntion , method of making 

a^se-vo^,,™^ fflember and a seconded 

— . — - t^S — and the second *— 
member when pressed and msuiate rhe * „ et braid member 

ta second e.ectrode member through a gap P ^ ^ ^ 

msuiafing the firs. — • ^ ^J^-**--* 
further, dte net braid member may be formed ^ ^ ^ an 

- .he yam shands n.y moh^ — * ^ ^ —g fiber 
insulating resin or rubber or <* »» 

.mpregnaredwhhan— ^^ to . e memod may hnhher ineiude 
l00M1 I^temeraspectofmep^ electrocon dnc t ive ntbe 

providing a first eiectrode member tncta* < ^ member 

mciudtngacentraieiechodememberha^ g^ ^ ^ member 

inslde the eiast-c eiectroconducttve " ' J ^ dectrocondu c,,ve mbe so that 
between the centra, eiechode member and ^ ^ ^ ^ ^ 

te insulafive member covers an oute P P ^ member 

r.r-== '— — — 

ft 



Q 

ni 

ui 
tn 

111 



P21540.S02 

peripheral portion and an electroconductive metal wire wound on the outer periphery 
of the central member in a coil. Further, the method may include providing the 
central electrode member with an electroconductive coating layer including an 
electroconductive rubber provided on the inside of the insulative member so that an 
outer peripheral surface of the central member is covered underneath the metal wire. 
[0023] According to a further aspect of the present invention, the method may 
further include forming the elastic electroconductive tube by extrusion molding the 
elastic electroconductive material on an outer peripheral surface of the central 
electrode member and covering the insulative member. The method of making a 
pressure sensitive sensor may include constructing the central member by twisting or 
bundling a plurality of single metal wires. Further, winding the electroconductive 
metal wire on the outer periphery of the central member in a coil may include winding 
the electroconductive wire tightly around the central member and embedding the 
electroconductive metal wire into the outer periphery of the central member. Winding 
the electroconductive metal wire tightly around the central member and embedding 
the electroconductive metal wire in the outer periphery of the central member may 
include embedding the electroconductive metal wire to substantially half the diameter 
of the electroconductive metal wire. 

[0024] In another aspect of the present invention, the method of making a pressure 
sensitive sensor may include providing a first electrode member including a first plate 
including an elastic electroconductive material, providing a second electrode member 
including a second plate including an elastic electroconductive material, and 
providing the insulative member between the first plate and the second plate. 
[0025] In a further aspect of the present invention, a method of using a pressure 
sensitive sensor for detecting pressure by electrical conduction caused by pressing 
into contact with each other a first electrode member and a second electrode member 
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electroconductive material on the central electrode member 1 3 on the outside of the 
insulative member 15. 

[0034] As shown in Fig.4, the insulative member 15 may be a net braid member. 
The net braid member may be formed by knitting a plurality of yarn materials or 
strands 15a formed of an insulating fiber. The insulating fiber may be constructed of 
any suitable material such as, for example, aramid fiber, nylon fiber, or the like. As 
shown in Figs.l and 2, the insulative member 15 is provided between the central 
electrode member 13 and the inner peripheral surface of the elastic electroconductive 
tube 11, covering the outer peripheral surface of the central electrode member 13. 
The material of the yam strands 15a may be an aramid fiber used for its superior 
mecl^ic^ resistance against compression jn the thickness or radial 

direction of the net braid member. However, the yarn ^ material 15 a may^be 
constructed of any suitable fiber such as, for example, a nylon fiber, a glass 

fiber, or the like. Further, the yam materials 1 5 a may be formed of an insulating wire 
material su^jiS^JoLexam^l^ njbberjto^ 

[0035] The yam materials or strands 15a of the net braid member are coated or 
bonded to prevent unraveling during use, byjsoating a ^materi^ such as, for example, 
a resin or a rubber, on its surface, or by being impregnated with a material such as, for 
example, a resin or rubber. The formation of the net braid member is performed by 
continuously knitting the coated yam strands 15a in a cylindrical form on the central 
electrode member 13. It is preferred to knit or weave the yam materials 15a so that 
the net braid member encloses the central electrode member 13 in order to prevent 
unraveling of the net braid member. 

[0036] As shown in Figs.l and 2, the insulative member 15 is designed and 
positioned to separate the central electrode member 13 (in particular, the metal wire 
23 shown or, alternatively, a conductive core member, not shown) from the elastic 
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members, and used for preventing sandwiching or squeezing of a foreign object by 
detecting pressure from the foreign object at the opening and closing location. For 
example, the sensor 10 may be provided on an automatic door, such as in an automatic 
sliding door on a van, such that when the sensor 10 detects a predetermined pressure 
from a foreign object between the door and the door opening, the door is 
automatically opened to release the foreign object. 

[0040] As a second use, the pressure sensitive sensor 10 may be used for the 
detection of the presence of a person or animal or the like. Specifically, the pressure 
sensitive sensor 10 may be provided to detect the presence or absence of a sitting 
body by applying the sensor to seats such as, for example, a chair (such as, for 
example, the seat of a vehicle or the like) when it is required to recognize the presence 
of a sitting body. For example, the pressure sensitive sensor 10 may be used in a 
vehicle to detect the presence of a person in a seat. When a predetermined pressure 
is detected in a seat, a fasten seat belt lamp will illuminate in the vehicle. The 
pressure sensitive sensor 10 may be used on any known type of seat such as, for 
example, a bench or the like, or may be used to detect the presence or absence of an 
invader by applying to a surface such as, for example, a mat or the like placed at the 
entrance or exit of a building. The pressure sensitive sensor 10 may be used to detect 
the presence or absence of an invader by applying to the upper rim portion of a fence 
and detecting pressure caused by an invader who goes over the fence, and further to 
detect the presence of a person by applying to a location where a change in weight 
occurs by the presence or absence of a person or animal, or other body. As described 
above, according to the present invention, since the sensor is constructed such that the 
insulative member 15 is interposed between the elastic electroconductive tube 1 1 and 
the central electrode member 13, the structure is simple, and it can be produced easily 
and at low cost. 
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[0041] Further, even if pressure is applied to any location along the outer 
peripheral portion of the elastic electroconductive tube 11, pressure can be reliably 
detected. The pressure sensitive sensor 10 is equally sensitive all along its periphery 
in the longitudinal and radial directions. 

[0042] Further, since the sensor is constructed such that the insulative member 15 
is interposed between the elastic electroconductive tube 1 1 and the central electrode 
member 13, the dimension of the gap between the elastic electroconductive tube 1 1 
and the central electrode member 13 can be reduced to a level of the thickness of the 
insulative member 15, according to requirements of the particular use, and is suitable 
for making the sensor 10 small in size. Further, since the sensor is constructed such 
that the insulative member 15 is interposed between the elastic electroconductive tube 
1 1 and the central electrode member 137the elastic electroconductive tube 1 1 will not 
be erroneously brought in contact with the central electrode member 13 to cause an 
error detection, even if the pressure sensitive sensor 10 is bent or kinked at a sharp 
curvature, and the sensor wire will function appropriately. 

[0043] Further, when the pressure is eliminated, the insulative member 15 is 
restored to its original shape and thickness according to the elastic properties in the 
direction of thickness of the insulative member 15, from a condition in which the 
insulative member is highly compressed to a thin shape between the electrodes at the 
pressure location. Therefore, erroneous electrical contact of the elastic 
electroconductive tube 1 1 with the central electrode member 13 can be positively and 
reliably prevented. 

[0044] Further, since the restoring elastic force of the insulative member 15 is 
minimally damaged or undamaged from repeated compression in the thickness 
direction, the sensor 10 has excellent jiurability and reliability. 

15 
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[0045] Further, since a resin or a rubber is coated on the surface of the yarn strands, 
or materials 15a which form the knitted net braid member embodiment of the 
insulative member 15, or the yarn materials 15 are coated by being impregnated with 
a resin or rubber, any unbinding or unraveling of the yarn materials 15a over time, or 
due to the lapse of years or to use, that can cause the net braid density (knitting 
density) of the mesh of the net braid member to become unequal and cause unequal 
sensitivity along the sensor periphery so that some locations are unable to detect 
pressure, is prevented and the reliability of the pressure sensitive sensor 10 can be 
improved. 

[0046] Further, since the external electrode includes the elastic electroconductive 
tube 11, and the central electrode member 13 has a long narrow shape which can be 
bent in one direction and is provided with the elastic electroconductive tube inside, 
pressure can be positively detected even if the pressure is provided to the elastic 
electroconductive tube 1 1 from any direction and in any location on the periphery 
along the longitudinal or radial direction. 

[0047] The pressure sensitive sensor 10 can be easily provided in various 
arrangements in which it may be bent and deformed. Further, the pressure sensitive 
sensor 10 can be easily provided in a narrow space by making the cross- sectional size 
of the sensor 10 small. 

[0048] Further, the pressure sensitive sensor 10 is constructed such that the central 
electrode member 13 can be restored to its original shape from tensile forces and 
bending deformation, and is provided with the central member 21 having at least an 
elastic outer peripheral portion with a long narrow shape, the electroconductive metal 
wire 23 horizontally wound on the outer periphery of the central member 21 in a coil, 
and the insulative member 15 interposed between the elastic electroconductive tube 
1 1 and the central electrode member 13. Therefore, the pressure sensitive sensor 10 
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has high mechanical strength, high restorative capability against bending and 
excellent impact resistance. 

[0049] In the pressure sensitive sensor of the second embodiment of the present 
invention shown in Fig. 5, the elastic electroconductive tube 1 1 is formed by extrusion 
molding the elastic electroconductive material on the central electrode member 13 on 
the outside of the insulative member 15. As shown in Fig.5, it is preferable to 
simultaneously extrude the elastic electroconductive tube and coat the yarn materials 
15a so that the yam materials 15a of the net braid member sink into and are embedded 
in the inner peripheral surface of the elastic electroconductive tube 1 1 . Thus, in the 
second embodiment, the production steps of the pressure sensitive sensor 10 can be 
more simplified. Therefore, the additional effect of lowering the cost of making the 
pressure sensitive sensor 10 is obtained. 

[0050] In the pressure sensitive sensor of the third embodiment of the present 
invention shown in Fig.6, the electroconductive coating layer 33 which includes an 
electroconductive resin or an electroconductive rubber may be additionally provided 
so that the outer peripheral surface of the central member 21 is covered on the outside 
of the horizontally coiled metal wire 23, in the construction of the central electrode 
member 13. In this case, the insulative member 15 is provided on the 
electroconductive coating layer 33. Thus, the contact area and the fhctional force (a 
force against positional deviation of the metal wire 23) of the insulative member 15 
with the central electrode member 13 can be increased in comparison with a case of 
directly covering the insulative member 15 over the horizontally coiled metal wire 23, 
and any positional deviation of the insulative member 15 (particularly, the yarn 
materials 15a which constitute the net braid member) on the central electrode member 
13 can be prevented. As a result, the knitting density of the net braid member can be 
more constantly retained. 
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[0051] As another modified example, the central electrode member 13 may be 
provided by twisting or bundling a plurality of single metal wires, or may be provided 

by a single metal wire. 

[0052] Fig.7 is a perspecti^ view of the pressure sensitive sensor of the third 
embodiment of4he present/inventionr As shown in Fig. 7, the pressure sensitive 
sensor 40 is provided wim first and second plate (such as, for example, a flat plate) 
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electrode members 4l/ind 42 which are arranged oppositely and spaced from each 



other, and an insulawe member 45 is interposed between the electrode members 41 
and 43. The insulative member 45 may be constructed of any suitable material and 

be in anv form si£h as a net braid member. 

[0053] Both of the electrode members 41 and 43 are formed by an elastic 
electroconductive material, such as the material of the elastic electroconductive tube 
m 1 1 . The insulative member 45 may be formed by knitting or weaving a plurality of 

the yarn materials 15 a, similar to the above-described net braid member. 
[0054] Further, the pressure sensitive sensor 40 of this embodiment is also 
designed to detect pressure when both of the electrode members 41 and 43 are 
mutually brought in electrical contact to conduct electricity through the gap portions 
of mesh of the net braid member in the embodiment wherein the insulative member 
15 is a net braid member, in like manner as the case of the first embodiment of the 
present invention. The pressure sensitive sensor 40 of the third embodiment of the 
present invention can also obtain the similar specific effect as the first and second 
embodiments by using the net braid member. 

[0055] According to the present invention, since the pressure sensitive sensor has 
a construction in which the insulative member is interposed between the first and 
second electrode members, the structure is simple, and the structure can be produced 
easily and at low cost. 
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[0056] Further, even if pressure is applied to any spot where both of the electrode 
members face each other, the pressure can be correctly detected with a constant 
degree of sensitivity along its longitudinal and radial directions, and is highly reliable. 
[0057] Further, since the sensor has a construction in which the insulative member 
is interposed between the first and second members, the gap dimension between the 
first and second electrode members can be reduced to the level of the thickness of the 
insulative member, according to requirements of a specific application, and it is 
possible to make the sensor 10 small in size. 

[0058] Further, since the insulative member is interposed between the first and 
second electrode members, the electrode members are not brought erroneously into 
contact to cause a false detection of pressure even if the pressure sensitive sensor is 
bent or kinked at a sharp curvature, and the sensor will function correctly. Further, 
when the pressure is eliminated, the insulative member is restored to its original 
thickness according to the elastic force in the thickness direction of the insulative 
member, from a condition in which it was highly compressed between both of the 
electrodes. Therefore, erroneous electrical contact of the electrode members when no 
pressure is applied can be positively prevented, and the reliability of the sensor is also 
high. 

[0059] Further, since the elastic force of the insulative member is not damaged or 
is minimally damaged by the repeated compression in the thickness direction, it has 
excellent durability and reliability. 

[0060] Further, since a resin or a rubber is coated on the yarn materials which 
forms the net braid member by being knitted or weaved, or the yarn materials are 
impregnated with a resin or rubber, unraveling or unbinding of the yarn materials 
over time or due to use, unequal net braid density (knitting density) of the mesh of the 
net braid member, unequal sensitivity and locations spots along the sensor that 
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case of directly covering the insulative member over the horizontally coiled metal 
wire, and the positional deviation of the insulative member (particularly, the yarn 
materials which constitutes the net braid member in the embodiments including a net 
braid member) on the central electrode member can be prevented. As a result, the 
knitting density of the net braid member can be more constantly retained. 
[0065] According to the present invention, since the elastic electroconductive tube 
is formed by extrusion molding the elastic electroconductive material on the central 
electrode member on the outside of the insulative member, the production steps of the 
pressure sensitive sensor can be simplified, and it can be designed to make the cost 
of the pressure sensitive sensor lower. 
O [0066] Although the invention has been described with reference to an exemplary 

tL™5 

FU embodiment, it is understood that the words that have been used are words of 

fft description and illustration, rather than words of limitation. Changes may be made, 

8 3 I 

q within the purview of the appended claims, as presently stated and as amended, 

J\ without departing from the scope and spirit of the present invention in its aspects. 

H Although the invention has been described herein with reference to particular means, 

iU 

ffl materials and embodiments, the invention is not intended to be limited to the 

n 

fear 

H particulars disclosed herein. Instead, the invention extends to all functionally 

equivalent structures, methods and uses, such as are within the scope of the appended 
claims. 

[0067] The present disclosure relates to subject matter contained in priority 
Japanese Application No. JP 2000-397945, filed on December 27, 2000, the 
disclosure of which is herein expressly incorporated by reference in its entirety. 
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